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A NIGHT -TIKE MEASUREMENT OF OZONE ABOVE 40 KM 

by 

Edith I . Reed and Reuben Scolnik 
Goddard Space Flight Center 
National Aeronautics and Space Administration 
Greenbelt , Maryland 

ABSTRACT 

The ozone distribution between 40 and 70 km 
was measured near midnight. May 27, 1960, from 
Wallops Island, Virginia by means of photometers 
sensitive to the ultraviolet airglow at' wavelengths 
between 2400 and 2900 A. Below 60 km, the densities 
are within a factor of two of the daytime photo- 
chemical equilibrium, as represented by Johnson's 
late afternoon measurement of June 14, 1949. Above 
60 km, the ozone density increased with altitude, 
with its m aximum increase, a factor of 6 over the 
day time value, occurring at 63 km. 




ISTHODDCIION 


At high altitudes, above the principal ozone rxixxmun, 

ozone concentration as a function ox altitude should v>@ 

governed principally by the presence or absence of sunlight, 

and vary in a predictable manner from day to night and 

a,b 

from season to season [ Chapman , 1930<j. The first direct 
measurement of the daytime profile was a result of studies 
of the sun conducted by the Naval Research Laboratory on 
a V-2 rocket in 1949, Ozone densities up to 70 km were 
deduced from solar spectra and were consistent with computed 
photoequilibrium profiles [ Johnson , et al , 1952]. Chnp*ran 
also suggested that at high altitudes, above the ozone 
maximum and below the atomic oxygen maximum, ozone world 
increase at night as a result of a reaction, betweei atomic 
and molecular oxygen. Several have treated this problem 
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numerically, including Hicolet [1357], 

[lSGl], Paetzold [1961], Wallace [19S2J, and Hunt [1304], 
but with varying results , depending on the set ox reactions , 
react ion, rates, and initial concentrations which were 
chosen. Of particular difficulty is the computation of the 
effects of minor constituents such as hydrogen, nitrogen 
oxides, and the hydroxyl radical. 

Ground based measurements of ozone content at these 
altitudes have not been satisfactory. Measurements ex 
total ozone content are not particularly helpful since 


variations in the ozone content below 30 lira duo to air 
movements are comparable to the expected night time 
increase at higher altitudes. However, the discovery of 
the ultraviolet airglow and a general improvement in the 
techniques of ultraviolet photometry made a night time 
measurement of ozone feasible. 

In 1957, the Naval Bsseareh Laboratory flew an ultra- 
violet photometer with a response from 2600 to 2300 A, and 
did observe an ultraviolet airglow layer centered at 101 
km [ Tonsey , 1958] . This had boon predicted from laboratory 
observations which showed that the Hersberg bands of molecular 
oxygen, the visible end of which had been observed in the 
airglow [ Chamberlain , 1355] , extend to 2363 A in the ultra- 
violet [ Broida and Coy don , 1954]. But because an unknown 
amount of the observed airglow could be due to an 01 line 
at 2372 A, where the filter transmission is still 10% of 
its maximum; the ozone density could not be cetermined 
unambiguously . 

In Nay 1960, Goddard Space Flight Center flew a number 
of ultraviolet photometers, including some whose filters 
were- centered at 2620 A and narrow enough so that the 
absorption cross section of ozone varied by only 50% over 
the bandwidth of the filter. These data, when interpreted 
with the aid of an airglow spectrum obtained by T. Steelier 
(of GSIC) , provide an ozone density profile between 40 and 
70 km. 


HASA Aerobee 4.05, one of a series of payloads 
designed for stellar photometry [ Boggess , 1SS1], contained 
three pairs of photoelectric photometers , each pair mounted 
120 degrees apart around the rocket axis (See Figure 1) 


looking out at three different angles to that axis: 
nominally, 75°, 80°, and 105°. One photometer of each 
pair ■was sensitive to light in the spectral region centered 
near 2620 A, while the response of the other was centered 
near 2260 A, but with their optical axes parallel, dach 
pair was mounted on a removable door, which, when installed, 
became an integral part of the rocket skin. Since the 
principal purpose of this instrumentation was ultraviolet 
star spectroscopy,' 2620 A photometers were preferred to 
the 2680 A ones (to reduce ambiguity in the- interpretation 


of stellar data due to the strong magnesium doublet at 
2S00 A) . However, to correlate the data from this flight 
with that of earlier flights, one 2SS0 A photometer was 
included. This was mounted on the door containing the 90° 
photometers, and also looked at 90° with respect to the 
rocket axis. 

The optical system of each photometer was similar 


and is shown in Sigure 2. Calcium fluoride was used 
all lenses in the 2260 A units; quarts for those in 
2620 and 2680 A photometers. The field of view had 
width of between 4 to 5°. 
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Isolation of the 2600 A region was achieved by 
combining two millimeters of 0.06% lead-doped KClzKBr 
(1:1) crystal with Cation-X in a bin sheets of polyvinyl 
alcohol {Childs, 1961 j. Three millimeters of nickel sell ate 
hexahydrate provided a sharp cutoff for longer wavelei gths } 
one Corning #7-54 and one Corning 9-54 filter sharpened the 
shorter wavelength cutoff. A typical filter had a trans- 


mittance of 0.13, an effective wavelength of 2320 A an I a 

200 A bandwidth. 

The 2700 A filter consisted of three Corning 7-5- 
filters, one sheet of Cation-X and 5 millimeters of nickel 
sulfate hs:cahydrate . It had an effective wavelength of 
2380 A, a transmittance of 0.16, and a bandwidth of S£0 A. 

The relative spectral response of the filters (sea 
Figure 4) was measured by C. Childs, formerly of tlii; 
laboratory, with a recording spectrophotometer , Cary Iloccl 
#14, with an analytical accuracy of of 1% for relative 
spectral transmission, a wavelength calibration of 4A, end 
a resolving power of 1A. Over the wavelength regions covered 
by each filter, the photomultiplier was assumed to have a 
constant sensitivity and the lenses a constant transmissivity. 
The relative response of the photometers was determined by 
use of the 2537 A line, to which all three types of photo- 


meters respond w'ith an easily measured signal 
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The O 2 on 0 is relatively transparent to the light passed by 
the 2260 A filter, and the brightening of the air glow at 
tho horizons can be clearly seen. (The light is probably 
of wavelengths longer than 2700 A, passed through the long 
v/avelongth tail of the 2280 A filter.) The southern 
horizon appears wider because it is merged with several 
bright stars in the Milky Way. As the vehicle increased 
in altitude, the signal from the 2620 A photometer resembled 
that from the 2260 A photometer, with bright horizons, a 
less bright sky toward zenith, and a dark earth. Above the 
airglcrw layer, the sky was dark (except for the brighter 
stars) and the earth appeared light. The noise in the record 
is duo partly to the photomultiplier and partly to st ar:. 

The records were read at tho midpoint between horizons . and 
analysed to yield both a distribution of ozone with altitude 
and the volume emission of the air glow versus altitude. 

The data obtained in ib: region of interest is i hewn 
in Figure 6. Data from 3 of the 7 photometers proved to 
be useful for ozone measurements. The pass band of the 
three 2280 A photometers was too wide to permit an accurate 
determination of an effective cross section for ozone j the 
down looking 2620 A photometer could not see the air glow 
while the vehicle was below the air glow layer. Data ats 
for the photometers are shown to indicate tho scatter li- 
the raw data. As would be expected, the scatter ine; ;-r : sd 
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rapidly as tho signal rose, into the non-line: 
of the amplifier response carve. In addition 
data, the angle of the rochet * s longitudinal 2 
respect to local zenith is given. Tho rocket tool 
spiral path with an zenith angle of 8° at thrust termi- 
nation (52.4 sec) until it entered its regular preen; no 
ecus of motion at about 75 seconds. 

ozosb 

The ozone content of the atmosphere is obtained is 
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in the following manner: 


n( 0 3 ) ~ 


n r/ 


log E, 1 n co< 


j i; 


a <h 2 - h ± ) 


where n{Og) is the number of c: 

*2 


noiocuj.os per cn 


^ f»nd ^ «•?»* 1 rvtvirht* *3i**r* 1"' ’in’?** C*-1C'3 Oi *£L10 

UMU k*|' 4 M O — ww.'W — W ' V ' X W ** A *-' 


altitude interval, 

E, and E n are energies observed at tho correspond 

X -p 

altitudes , 

n is Losekaidt’s number, 2. SO 7 n 10 J “'' era - '"', 

V is the angle between the photometer axis and 

zenith , and 

_1 

a is the absorption coefficient, cm , case it. 
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ozone absorption coefficient are sufficiently well Iznewn 
such that they contribute n O Hi 1 *-*— <S S't-st-vXi C'O w«lX Ci 4,«r/V> U V 
20% t2iic , 3X’1»2&ixxt»y to i&o niUaDDs* CD ity of ozone . This 
would be a systematic error which would not affect the 
shape of the curve. 

The angle of the photometers with respect to zenith 
could easily contribute an uncertainty of 20% to both 
the absolute and relative values of the ozone dens: tie s . 
It is based upon magnetometer data and the assunpi: on 
that atuthe end of thrust the rocket axis was aligned 
the velocity vector. 

The largest source of error is in the character of 
the data, which contains noise from-- the photomultiplier 
dark current, stray pulses, and stars. St is difficult 
to separate this from the possible temporal and spatial 


could be responsible for some of the shape cf the curve, 
but is is unlikely that the sirglov would vary sufficiently 
in the 18 seconds of time that the ozone curve represents, 
to be responsible for its major features. Spatial variatio 
is not thought to be a major source of uncertainty in the 
data since the numbers derived iron the two phot or a ter c 
which wore looking at different portions of the sky n..rse 
reasonably wall. The magnitude- of the n< 
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is apparent from the scatter of points abcut the 
curve and is on the order of 50%. 

For comparison the day tine ozone distribution 
measured by absorption of the solar spectra be-twas: 
and 3400 A [ Johnson , at al , 1952] is shown. The d. 
profile was computed using the osene absorption co; 
of Ny and Choong [1933], which in the spectral rag: 
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Tanaka used for the night time profile. 

The most important feature of the profile is ike- 
factor of 6 increase XXI. One Ok.ll'd' CiOli. sity over the lilts' - - - - * 
profile above 80 km. While this may be in error by i >% 
or more, it is believed that the shape of the curvy does 
indicate an increase of ozone density at night in file 
region, and that it is on tbs order of a half of a magnitude, 

Techniques arc being developed by various worJ- era to 
use satellites for the measurer:: ont of ozone an thx region. 
Venbateswaran [1961], observed the sunlight reflect on 
from Echo I as it emerged from the earth’s shadow, using 
various wavelength pairs between 4700 and 7009 A. ill -> 
results above 53 km are about a factor of IS higher i .ian 
the measurements by .Johnson, et al. However Venka -.5.:.- .mrpa 


[1903] states that this method 
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values at levels above th© principal ozone maximum. 
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radiometer with a response 
center at about 2530 A [ Havel iff o , et al, 1933]. At 60 
hm his data are about 20 % lower than Joanson s, but 
approach Johnson's data, and above SO km or© sonevbn fc 
higher than the trend of Johnson's data. 

It is expected that the night time veuuos vcuro me 
higher. The magnitude of the effect , besides depon . .an » 
on reactions among the various oxygen spec a -a and t.hru 
bodies , depends critically on such things as tae rat caul 
hydrogen concentrations chosen [ Bates and ^fcolct , VJaQ, 
and Wallace , 1962 J and possible reactions involving atomic 
nitrogen [ Barth , 1931}. Perhaps the most recent cc.vpuvai.ion 
of ozone densities has been done by o. 6. bunt [l^eoj using 
an atmosphere in which he asstr.es tae cniy reactive 
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and hyurogen would be en : — 

concentrations.) Between. 40 ano nO ss, Luna’s wm'v-j *-’* 
just before sunrise conditions is ns much as Sol lower una 
Johnson’s daytime profile, crosses it at oS km, and reaches 
a maximum value of 5 x 10 molecules of 0 £ per cm at 
69 km. 

AIRGLPW 

The other principal result from tae analyses ■•- • --a 

from these photometers is umscusuuuoa concern xiig • 

distribution of the airglow. Volume emission can - jauc ua 
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the emitting region . The energy calibration ox 
photometers has been used in proposing tlicso curve-. s 
(Figure 8) so that they do rightly represent the r-«iaiive 
energy in the portion ox the epee cries passes -v 
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the filters. This pattern is completely consistent mth 
a snectrua. of the air glow horizon obtainao by 1. ^ 

- ^ «. ^ xn Ari^fs *1 y£‘) hp Gel ti b. . V -l- ? « 

vitli a spoctror^apa z^cre® 

«* rj js* 

JL i> wC ^ « 

. — c'-ty?. ft .? j i j. *•. .■>»*» c -a* ••lilar in con-ovr icci^‘* •*'"• 4 

In 3 2oGu i-i . ul ~* *- 

.... -~S 1 O ■\ r 2 P'O";-.;.. IS 53 1 

characteristics to those fxo'un m m.^w_ - ^nnn_ — -- 

and Kov ember IS 59 [ Eriodman , 19Cfc # Z gAA eA i ^ Aj * ““ J 

„ . j ,vn«fi io~ 3 and 93 lux respectively , 

altitude of naxiiaua e^iss^n » Xu - 

compared to 92 ksa for this flight. 

for the 195? flight was Z . i '"'“ 

, . Ai •!>«•,< XSbS X light " -s- • 

private eommunlc** w.».vm, - — * c ~ 

. •'-V.-* VI < >;t Of 

^ A ^ ^ -v% ‘ . V* .a? ft T V ' •■*' i-kj • i i-ihlA- w -- .--wt — __- 

’rayleiga p«r ^swvu, - — 

, i , . na pn"™'’''* 3, h^i^htor , but v-itiixn a i-- u - o- 
Aerobee 4 . 0 o v. : «^ so^...>«« ^ ' 

10 of these values. 


ie zenith intensity 


»h fha ve Ox*- 





T*-* n rr 

*“ 45. -J- 'i' 


•S. i*'i» 




■* 5 -* wi~w w^y v^rs 

noted in the records as the photometer scanned 
the sky. The signal in tho absence of obvious stave 
indicated that less than 15% ox the light from extend; 
sources originated above the emission layer indicated 
in Figure 8. 
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for this purpose; G. Baker and B.SI. Windsor for the 
electronic instrumentation; S. Berra for engineer ir 
assistance in the payload preparation; T. 
advance copy of his air glow spectrum, without which the 
effective absorption cross section could not have Lean 
determined with significant accuracy; :_•. I:.:~h. olu.au for the 
absolute values of the night airglcv . mnsur orient in larch 
1957; and Hr. J.S. Kup-perian, Jr. for his 
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Location ox photometers on Aarofeee 4.05. 
Optical -electrical schematic of a photon® ter 
Spectral characteristics of flight filters. 
Calibration curve for converter-amplifier . 
Sample of telemetry record showing roll noduj 
of the air glow signal. Increasing signal re: 
increasing light. 
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the angle stated for each photometer is the angle 
between the photometer's optical axis and the 
rocket's longitudinal amis. 

Altitude distribution ox oaono. 


Altitude distribution of the ultraviolet 
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